This paper describes the development of a coupled model for hourly forecasting of air quality one day in advance in terms of concentration of respirable suspended particulate matter (RSPM/PM10) for Delhi. The coupled model is formed by coupling an air quality dispersion model (AERMOD) and Artificial Neural Network (ANN). The previous hour's predicted concentrations of AERMOD and the meteorological parameters (wind speed, temperature, humidity and wind direction) are used as input to ANN. A comparative study of concentration of RSPM, resulted from AERMOD, ANN, COUPLED model has been made at different locations, which shows that forecasted RSPM concentration of COUPLED model is in better agreement with observed values than the values of AERMOD and ANN.
Introduction
Delhi, the 8 th most populated metropolis in the world, is one of the most heavily polluted cities in India, (The Hindu, 2011) . It ranks at second position in reference to the annual mean of RSPM while Beijing is at the tenth position (Times of India, 2013). Air quality forecast is useful to the public to protect their health. Short term forecasting of air quality is required to take preventive action during episodes of airborne pollution. Therefore, the main objective of this study is to forecast hourly RSPM concentrations one day in advance for Delhi using COUPLED, AERMOD and ANN. The study has been made for December 2008 (winter season), having worse meteorological scenarios, at two different locations namely Delhi College of Engineering (DCE) and Income Tax Office (ITO) in Delhi due to availability of continuous hourly observed data of RSPM. These locations are highly polluted areas of Delhi.
Study Area
The study area '26KmX30km' in central Delhi (Figure 1 ) has been considered. The hourly observed concentrations of RSPM are obtained from Central Pollution Control Board (CPCB) and the hourly meteorological data are collected at Safdarjung airport monitoring station from Indian Meteorological Department (IMD) New Delhi.
Methodology
In the present study, three models AERMOD, ANN and COUPLED (AERMOD+ANN) have been used to forecast hourly values of RSPM one day advance. The above models are used independently for predicting/forecasting hourly RSPM one day in advance for December, 2008 at two places like DEC and ITO due to the availability of continuous air quality data of RSPM. Here the output of AERMOD along with meteorological parameters is used as input to the COUPLED model. The first 25 days data of each month are used for training and last 5 days are used for validation of the models. The validation is made through the statistical parameters (Chang et al., 2004) . The most important criteria in these models are choosing the appropriate input variables which may affect the output. One of these input variables of COUPLED model is the hourly concentrations of RSPM, which are predicted from AERMOD. The others are meteorological variables like temperature, wind speed, wind direction, relative humidity, visibility and cloud cover. Emission inventory is an important part of AERMOD prediction. All the relevant information concerned to emission inventory, which are found to be available through different sources, are collected. Primary surveys are also carried out for identification and spatial distribution of sources in the grids of size (2km x 2km) each over the study area 26km x 30km. The combined emissions from all types of sources have been apportioned in each grid. Thus a comprehensive emission inventory of RSPM from all types of sources e.g. power plants, industries, vehicular and domestic sources are prepared for the study period. However, the vehicular data at different locations of Delhi have been collected from Central Road Research Institute (CRRI), New Delhi and other concerned agencies. The emission factors are taken from CPCB, 2010. The main hourly meteorological variables over the whole study years are collected from IMD, Delhi.
AERMOD
the AERMOD (AMS and EPA Regulatory MODEL) model, which is a steady-state plume model and assumes that the concentrations during a modeled hour are governed by the temporally averaged meteorology of the hour. AERMET is pre-processor of AERMOD model, which provides the meteorological variables in the required format for AERMOD. The input files in AERMET contain the hourly surface meteorological variables and twice a day of the upper air sounding data for the same locations. The surface characteristics in the form of wind speed, wind direction, temperature, and cloud covers of Dec 2008 are input variables to AERMET (USEPA, 2004 ). An emission inventory of the same year has also been used as input to the AERMOD.
ANN
Gardener and Dorling (1998) presented a review on the application of ANN in Atmospheric Sciences. The model ANN has been employed to forecast hourly concentrations of RSPM using meteorological variables. The output data include the hourly forecast of the concentrations of RSPM. The input and output data are normalized between -1 to +1 using the minimum and maximum of the time series before any pre-processing (Kumar and Goyal, 2011).
Coupled Model
In general, air pollution models and ANN are applied separately in the processing of environmental data. The performance of each approach has taken alone yield results of uncertain reliability. Pelliccioni and Tirabassi, 2006 successfully coupled the air dispersion model and ANN. The real use of the proposed methodology lies in the choice of the dispersion models, in fact, the inclusion of the predicted model concentration as input values of the network means that it perform a twofold task. The first of these is to start from a situation close to reality. The second, and conceptually more important task, is linked to the fact that models perform well under certain hypothesis, while tending systematically to differentiate in performance when reality falls short of the ideal situations. The coupling can be justified as AERMOD's prediction is used as input to the ANN model to forecast the hourly air quality one day in advance. The results of AERMOD, ANN and COUPLED model have been compared with observed air quality to validate them.
Results and Discussion
In the present study, the hourly air quality has been forecasted at two different locations in Delhi through all the three models one day in advance. The primary aim of the present study is the hourly air quality forecasting of RSPM, which has been made for December 2008, representing winter season at two locations namely DCE and ITO. The air quality prediction/forecasting of RSPM from AERMOD, ANN and COUPLED models have been compared with the observed concentrations at two places through statistical measure. The same methodology has been used for air quality forecasting of all the criteria pollutant at many locations in Delhi. However, to limit the size of presentation, the results of RSPM at two locations have only been presented. The training and validation analysis of forecasted values of hourly RSPM through all three models at the DCE locations in December 2008 are shown in Table 1 The correlation coefficients of all models are low positive values but significant. These values indicate that the variability of RSPM concentrations can be explained in both the phases. The IOA from all models, tending towards ideal value 1.0, revolves that models are in good agreement with the observed values. The values of RMSE from all models are quite high but are supported by the values of NMSE, which are found to be very close to their ideal values 0.0. The fraction bias has both positive as well as negative values. However, these values, lying between -0.5 to 0.5, are indicating that the model's results are in good approximations with observed values. Similarly, the values of FAC2 from all models are also found to be very close to their ideal values. The above discussion reveals that the performances of all models are satisfactory. However, the performance of the COUPLED model is always found to better than AERMOD and ANN models. Thus, the comparison of the results of AERMOD, ANN and COUPLED models in above month reveals that COUPLED model is performing better than the ANN model followed by AERMOD. Hence, the proposed COUPLED model provides a considerable improvement in forecasting of concentration of RSPM pollutants in Delhi. The evaluation takes a step further by providing comparison plots between the observed and models forecasted concentrations at both locations during validation phase. Figure 2 shows a comparison of the hourly forecasted concentrations of RSPM using AERMOD, ANN and COUPLED model and those observed by CPCB, Delhi at DCE monitoring locations over 26-30 December, 2008. As it is evident, the observed and forecasted RSPM concentrations of all the models show a significantly similar trend, while the forecasting values of COUPLED model are very close to observed CPCB concentrations. However, the deviation of the forecasted concentrations of models with the observed CPCB are ranging between -239 to +272 µg/m 3 for AERMOD, -267 to +325 µg/m 3 for ANN and -142 to +197 µg/m 3 for COUPLED model. The (-) ve sign shows under-predictions and (+) ve sign over-predictions of the models. Thus, the forecasting of COUPLED model is found better than the other two models. Again, the average deviation of the forecasting of COUPLED model is observed 32 µg/m 3 . Therefore, one can conclude that COUPLED model is performing better than other two. Finally, the hourly concentration variations of RSPM pollutant at busiest traffic intersection, ITO junction for Dec 2008 from all models are shown in figure 3 . The observed concentration is in the form of PM 2.5 concentration while the analysis in this study is based on RSPM (PM 10 ) concentrations. Figure 4 shows the plot between observed PM 2.5 concentrations and forecasted concentrations of AERMOD, ANN and COUPLED model for RSPM at ITO location. From figure 3 , it is observed that the forecasting of COUPLED model is in good agreement with the observed CPCB concentrations and better than the other two models. Now, COUPLED model's deviation in the forecasting ranges between -220 µg/m 3 to +170 µg/m 3 and the average deviation is -23 µg/m 3 is observed in validation phase. Also, here (-) ve means under-predictions and (+) ve means overpredictions. Therefore, one can say that COUPLED model's forecasting is reasonably well in comparison to ANN and AERMOD. Now, It is observed that the forecasted concentrations from COUPLED model is over-estimated as well as under-estimated during the study period but the average distributions of concentrations for the whole study period is in better agreement with the observed concentrations than ANN or AERMOD model. It shows the good agreement at both locations in Delhi. Hence, we can use COUPLED model for the forecasting of RSPM pollutants over Delhi. Similarly, the season-wise statistical performances of AERMOD, ANN and COUPLED models over the year 2006-10 for CO and NOx pollutants at DCE and ITO locations have been studied. The emission, air quality and meteorological data for the years 2006-2009 has been used for training the model and the data of year 2010 has has been used for validation of the developed model. Due to lack of space, the statistical analysis of CO and NO x at both locations are not presenting here. This analysis at both locations also concludes that AERMOD and ANN performed well in all seasons while COUPLED model performed better during the all seasons. Therefore from overall analysis, COUPLED model is performing good for forecasting of the criteria pollutants (RSPM, CO and NOx) at both locations for hourly as well as daily forecasting in Delhi. 
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Conclusion
In this study, the coupling of air quality model (AERMOD) with statistical models (ANN) is discussed as a COUPLED model for forecasting of criteria pollutants in Delhi. The hourly as well as season-wise daily analyses have been studied. In hourly analysis, the coupling for RSPM is discussed in December 2008 at two different locations in Delhi. While season-wise daily analysis of all three models over the year 2006-2010 are studied for CO and NO x pollutants. It is concluded from this study that COUPLED model is showing better performance compared to ANN and AERMOD at both locations in Delhi. The comparison of observed concentrations of CPCB and forecasted concentrations of COUPLED model shows that concentrations are underestimated as well as overestimated for all criteria pollutants peaks in the forecasting. Further, it is also shown that the concentration of RSPM pollutant is relatively high at both locations of Delhi, almost for all days during the study period. The comparison between the observed and forecasted concentrations shows that the COUPLED model will be succeeding when more training data will be available i.e. the COUPLED model required longer training time to forecast more accurately. In addition to this, more accurate emission inventory may improve the forecasting quality.
